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[57] ABSTRACT 

A crash energy absorption system for a motor vehicle, 
formed of an assembly of panels of lightweight core material 
sandwiched within and bonded to reinforcing or stiffener 
skins. Preferably, the reinforcing or stiffener skins comprise 
fiberglass, graphite, Kevlar or Spectra reinforced polymers 
with any combination of fibers and/or fiber orientations, or 
metal sheets, or ceramic sheets, while the lightweight core 
material comprises a low-density, dimensionally stable 
material such as balsa wood, synthetic foam material such as 
polyurethane foam. The crash energy absorption system may 
take the form of removable parts that are replaceable after an 
accident, or may be formed as integral parts of a monocoque 
body, or as a part of a composite body load-bearing frame. 

27 Claims, 3 Drawing Sheets 
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VEHICLE ; BODjn COLLISION ENERGY More particularly, the crash energy absorption system of the 

ABSORPTION SYSTEM present invention comprises a crush structure formed of an 

tk iic * assembly of panels. The cored panels are assembled together 

the U.S Government has a paid-up license in this in a way that provides geometric stiffening to avoid buckline 
invention and the right in limited circumstances to require 5 of the individual panels. The panels are made of liehtweieht 
the patent owner to license others on reasonable terms as core material sandwiched within and attached to reinforcing 
provided for by the terms of Agreement No. NVA972-94- or stiffener skins. Preferably, the reinforcing or stiffener 
2-0005 awarded by DARPA. skins comprise polymer reinforced with fiberglass, graphite! 

BACKGROUND OF THE INVENTION KeVhr ° r S P eclra fibers in an y possible combination of 

«-pi . . 10 orientation of the fibers, or metal sheets, or ceramic sheets 

P r K esent . inventl0n relales to the field of collision or other materials that have a higher densi y Tan Tinner 
energy absorption systems, and more particularly, to a core materials. The lightweight core ZviTcoZ^l 
hghtweight, extremely effective energy absorption system low-density, dimensionally stable materia suchT balsa 
for improving the energy management effectiveness of the wood, or a synthetic foam material such as poL'ethan 
primary crush zone of a vehicle. The mvent ion has particular » foam, or low density polyvinyl chloride, or a SZ 'e core 
utility as a collision energy absorption system for impact of made from dimensionally stable synthetic fZ material 
vehicles and will be described in connection with such with through the thickness reinforcing fibers CorTma S 
unhty although other utilities are contemplated. can also comprise all neat, filled or foamed polymirs or 

While protecting a vehicle's occupants from injury in a ceramics. Cores that provide through the thickness reinforc- 
crash is a challenge for every vehicle manufacturer, in the 20 ing fibers offer better results. The crash energy absorption 
case of a smail.hghtweight car, it is a particular challenge, system may take the form of removable parts that are 
due in part to the limited ability of small cars to absorb replaceable after an accident, or may be formed as integral 
collision energy, and the relative short crush distance which P^ts of a monocoque body, or as a part of a composite body 
is a major factor m providing a ride-down or deceleration load-bearing frame. In any of the above cases the crash 
distance tor the vehicle occupants. In a conventional steel- 25 energy absorption system can have multiple uses which 
bodied vehicle, the body panels are shaped and reinforced to could include bodv stiffener, load path component 
form crush or crumple zones that are designed to absorb mounting, aerodynamic shaping for better airflow exterior 
collision energy while protecting the passenger compart- body panel. 

wethrc a T;nft led OC , C T m u n ri ° r Cage ' Sm3ller ' Hshter U5in§ lhc C ^h energy absorption system of 

weight cars ofler particular challenges to engineers to pro- 30 the present invention, the structure can be optimized to crush 
vide adequate crash energy absorption. Efforts to improve evenly and consistently in accordance with predetermined 
fh?lTr mpa . rl r nt P ? lecti ° n ^J^y add wci g h > t° load aDd Property energy absorption characteristics. The 
lhc vehicle and thus adversely affect fuel economy. design depends on the ability of the composite core panels 
Moreover, simply reinforcing passenger compartment struc- to not only absorb energy, but to do so in a stable manner 
rural integrity may impose intolerably high "G" loads on 35 Using this property of the cored panels the crush loads 
occupants, as a result of strengthening the vehicle without could be tuned to the desired levels by adjusting the soecific 
also improving deceleration properties of the vehicle. energy absorption of the cored panels. The exact combina- 

In addttion to passenger protection, there are other con- u °n of mechanisms of failure during stable crash of the 
siderations. For example, energy conservation requires coFed panels depends on skin and cored content. The stable 
reducing weight. The most dramatic method of reducina 40 crushing of the cored panels is accomplished bv permitting 
weight in mass produced conventional vehicles is to down- on e end of the crush structure to crush freely, avoiding 
size the vehicles. However, crash data and tests on smaller Siobal buckling, and by avoiding any permanent attach' 
vehicles show that small vehicles generally provide less merits to the crush structure, which could hinder the stable 
protection to passengers, especially in collisions with larger crushing of the composite core panels or promote buckling. 
vehides - 45 Crusn initiators, or triggering mechanisms can be employed 

Composite materials can provide significant weight sav- 10 induce stable crush of the cored panels and avoid poten- 
ings when used to make vehicle components. Although liall : v fatal t0 lne vehicle occupants, high G loading during 
composite materials have been produced for many years and lhc initial sta Ses of a vehicle impact. The crash structure of 
have found their way into many non-structural components lhc P rcscnl invention, while crushing, transfers the load into 
of vehicles, composite materials heretofore have not been 50 the rem aining structure of the vehicle through energy trans- 
used in critical crash protection areas, in part because fer or Ioad P atns designed into the crush structure, i.e. by 
composite materials typically are more brittle than steel, means of the composite cored panels reinforcing skins and 
lending to break rather than bend, buckle or crumple and additional reinforcements. 

absorb energy. ^ BRIEF DESCRIPHON OF THE DRAWINGS 

OBJECTS OF THE INVENTION Other features and advantages of the present invention 

It is thus an object of the present invention to provide a wil1 b< ;Come apparent from the following detailed descrip- 
collision energy absorption system that overcomes the afore- tion of one P ossible application of the present invention to 
said and other disadvantages of the prior art. A more a motor vehicle, taken in conjunction with the accompany- 
particular object of the invention is to provide a collision 60 ing drawings, wherein like numerals depict like parts, and, 
energy absorption system formed of light weight composite whe mn: 

materials which composite materials may be employed as a F j G - 1 is a side elevational cutaway view of the front 

crush zone and/or as a structural element. section of a motor vehicle equipped with a crash energy 

SUMMARY OF THE INVENTION absorption system made in accordance with the present 

e> invention; 

sv^mT e a n 'vr'r i0 ? Pr0V f e f 3 Cr3Sb CnCrgy ^'7 FIG - 2 iS 3 '° P 1,la " CU,aWa >' view °»' "« *«ion of 

systt.ni tor a vehicle, formed of composite cored panels. the motor vehicle body of FIG. 1; 
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FIG. 3 is a perspective view of a crash energy absorption 
system of the present system; 

FIG. 4 is a top plan cutaway view of an energy absorbing 
element, i.e. cored panel, of the crush energy absorption 
system made in accordance with the present invention, and 
its crushing behavior; 

FIG. 5 is a graph depicting sustained load versus number 
of reinforcing skin plies of an energy absorption panel 
element made in accordance with the present invention; 

FIGS. 6-7 are views similar to FIG. 4 of alternative crash 
energy absorption systems made in accordance with the 
present invention; and 

FIGS. 8 and 9 are views similar to FIGS. I and 2 of an 
alternative use in a motor vehicle of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIGS. 1-2, there is illustrated a composite 
molded motor vehicle body formed predominantly of rein- 
forced polymer matrix materials, which provides the dual 
advantages of relatively low-cost, and extremely low 
weight. Natural stiffness, i.e. vehicle torsional and bending 
stiffness, is achieved by suitable placement of structural 
fibers, and/or selected buildup of the polymer reinforced 
matrix material. Optionally steel reinforcing beams or the 
like (not shown) may be incorporated into the structure, or 
attached thereto using mechanical fasteners, or an adhesive. 

For simplification and ease of illustration, elements such 
as the suspension, motor, seats, steering mechanism, etc. all 
have been omitted. It should be noted, however, that the 
vehicle may be powered by any type of power plant such as 
an internal combustion engine, an electric motor employing, 
e.g. a storage battery, fuel cell or solar cell energy source, a 
magnetic induction motor, or a hybrid combustion fuel/ 
electric motor powered vehicle. 

A feature and advantage of the present invention is the 
ability to tailor the vehicle occupant crash energy absorption 
system to anticipated loading forces that would result in a 
crash. For example, consider a compact motor vehicle, fully 
loaded, that weighs approximately 1182 kilograms (2,600 
lbs.). At 30 mph (48 km/hr) in the case of frontal impact of 
the vehicle, the energy that has to be absorbed is 106,000 
Joules (78, COO foot pounds). Assuming an acceptable sus- 
tained k G" loading of 15 G's during impact, the load that has 
to be sustained by the crash structure during impact is 
173,000 N (Newtons), (39000 lbs) all within a crush dis- 
tance of about 0.6 meters (24 inches). 

Referring also to FIGS. 3 and 4, a crash energy absorption 
system in accordance with the present invention comprises 
a cell assembly 20 formed of a plurality of composite core 
panel members 22. Panel members 22 each comprise a core 
26 formed of a dimensionally stable lightweight material 
sandwiched between and bonded to reinforcing skin mem- 
bers 26, 28. Preferably core 26 is adhesively bonded to 
reinforcing skin members 27, 28. By way of example, core 
26 may comprise a sheet or composite sheet of half-inch 
thick balsa wood, while reinforcing skin members 26,28 
comprise two -plies of 6 ounce epoxy resin impregnated 
fiberglass bonded to the core 26. This composite cored panel 
material offers 6,000 N/m average load carrying capability 
in edgewise crushing. 

Cell assembly 20 comprises a structure comprising a 
plurality, e.g. 4 equal sized, 10x10 in square, cells 30,32, 
34,36 formed of composite cored panels 22. It should be 
noted, however, that cells 30, 32, 34, 36 need not all be the 
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same dimension. Also, panel member architecture, reinforc- 
ing skin thickness and core thickness, numbers of plies of 
reinforcing skins, cell count and cell geometry all may be 
varied depending on the particular loading required, and the 
5 geometry of the space into which the cell assembly is fitted. 
For example, for a vehicle weighing 4,500 lbs., in order to 
achieve an average sustained g loading of 15 G's using a 
similar four square 10x10 inch crush structure as described 
above, crush load is determined as follows: Crush load= 
10 g'sxvehicle mass-15x4,500 Ibs.*67,500 lbs (300,240 N). 
Thus, for a total width (linear dimension) of crush panels of 
3.175 m, in order to sustain the desired crush load the panel 
members will need to have a load carrying capacity of 
94,564 N/M. Referring to the graph (FIG. 5), this corre- 
is sponds to a 4 ply 6 ounce epoxy resin impregnated fiberglass 
skin bonded to a 3 /i inch thick balsa wood core. 

Referring again to FIG. 4, upon a crash, the skins 26, 28 
peel or buckle, while the presence of the core 26 provides 
buckling on an elastic foundation. If desired, skins 26, 28 
20 could be shaped with controlled failure lines. 

Various changes may be made in the above invention 
without departing from the spirit and scope thereof. For 
example, the crash energy absorption system cell assembly 
may comprise other geometric shapes such as triangles 40 
25 (FIG. 6), or cylinders (FIG. 7). Also, the crash energy 
absorption system cell assemblies of the present invention 
may be formed as an integral part of a monocoque body 48 
or affixed to or integral with a vehicle body load-bearing 
frame 50. The crush structure application is not limited by 
30 crash distance availability. It could be used to address 
occupant protection in any type of impact, like frontal 
(FIGS. 1 and 2), rear (FIGS. 8 and 9) and side. In each case, 
a key is to allow one end 52 of the crush structure to crush 
freely, and to a\oid any permanent attachments to the crush 
35 structure that could hinder the stable crushing of the sand- 
wich panels. The crash structure while crushing absorbs 
significant amounts of energy and slows deceleration, while 
carrying load into the remaining structure of the vehicle. 
What is claimed is: 
40 1. A crash energy management system for a motor vehicle 
comprising a plurality of axially aligned, open-ended hollow 
cells formed of an assembly of a plurality of cells, each cell 
being defined by at least one wall comprising a dimension- 
ally stable, lightweight core material sandwiched between 
45 and attached to reinforcing skins, wherein said reinforcing 
skins comprise a plurality of plies of sheets adhesively 
bonded to one another. 

2. A system according to claim 1, wherein said core 
material comprises balsa wood. 
50 3. A system according to claim 1, wherein said core 
material comprises a dimensionally stable foam material. 

4. A system according to claim 1, wherein said reinforcing 
skins comprise resin impregnated fiberglass, graphite or 
Kevlar. 

55 5. Asystem according to claim 1, wherein said reinforcing 
skins comprise metal or ceramic sheets. 

6. Asystem according to claim 1, and comprising an array 
of cells in the form of rectangles in cross-section. 

7. A system according to claim 6, wherein said array 
60 comprises a plurality of equal sized rectangular cells in 

cross-section. 

8. Asystem according to claim 1, and comprising an array 
of cells in the form of triangles in cross-section. 

9. Asystem according to claim 1, and comprising an array 
65 of cells in the form of cylinders in cross-section. 

10. Asystem according to claim 1 formed as an integral 
part of a vehicle body. 
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11. A system according to claim 1 formed as an integral 
part of a load-bearing frame of a vehicle. 

12. A system according to claim 1, wherein the cells are 
non-symmetric in shape. 

13. A system according to claim 1, wherein the cells are 
non-constant in cross-section. 

14. A system according to claim 1, wherein said core 
comprises a fiber reinforced foam material. 

15. A crash energy management system for a motor 
vehicle comprising a plurality of axially aligned open-ended 
hollow cells formed of an assembly of a plurality of cells, 
each cell being defined by at least one wall comprising a 
dimensionally stable, lightweight core material sandwiched 
between and formed in-situ between reinforcing skins, 
wherein said reinforcing skins comprise a plurality of plies 
adhesively bonded to one another. 

16. A system according to claim 15, wherein said core 
material comprises a dimensionally stable foam material. 

17. A system according to claim 15, wherein said rein- 
forcing skins comprise resin impregnated fiberglass, graph- 
ite or Kevlar. 

18. A system according to claim 15, wherein said rein- 
forcing skins comprise metal or ceramic sheets. 
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19. A system according to claim 15, and comprising an 
array of cells in the form of rectangles in cross-section. 

20. A system according to claim 19, wherein said array 
comprises a plurality of equal sized rectangular cells in 

5 cross-section. 

21. A system according to claim 15 arid comprising an 
array of cells in the form of triangles in cross-section. 

22. A system according to claim 15, and comprising an 
io array of cells in the form of cylinders in cross-section. 

23. A system according to claim 15 formed as an integral 
part of a vehicle body. 

24. A system according to claim 15 formed as an integral 
part of a load-bearing frame of a vehicle. 

15 25. A system according to claim 1, wherein the cells are 

non-symmetric in shape. 
26. A system according to claim 15, wherein said cells are 

non-constant in cross-section. 
, 0 27. A system according to claim 1, wherein said core 

comprises a fiber reinforced foam material. 

***** 
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